This paper develops a dynamic two-country model with monopolistic competition in the production and household sectors, price and wage rigidities, differential productivity disturbances across traded and nontraded goods and imports that are used directly in the production of final goods. The mai n purpose is to compute the gains from international monetary cooperation as the difference between the steady state consumption levels associated with the Nash and the cooperative outcomes of the game in which monetary authorities pursue active monetary p olicy. The model is solved by the second-order accurate solution of Sims [2000]. Contrary to Obstfeld and Rogoff [2002] , who claim that the gains from international cooperation in monetary policy are negligible, I find that they could be very non-trivial and reach as high as 2.2 percent of steady state consumption. This suggests that individual countries could experience significant welfare losses if they concentrate only on domestic stabilization policies.
Introduction
The question of coordinating macroeconomic policies has been very important in international policy analyses. Cooper 1 [1968] was the first to recognize the importance of interdependence for international policy analysis. In a world where the actions in one country can spill over to other countries, it is clear that cooperation could potentially raise welfare. In this respect, it is reasonable to assume that with the increase not only in the volume but also in the variety of inter-country linkages the scope for cooperation will also grow. This idea has been seriously challenged by Rogoff [2000, 2002] , who develop a second generation 2 model of international monetary cooperation based on firm microfoundations. They claim quite forcefully that any benefits from monetary policy coordination that might arise in a two-country world will be easily swamped by the gains from pursuing stabilization policies within the individual countries 3 . Of course, Obstfeld and Rogoff's conclusion appears to depend on the simplifying assumptions they make to render their model analytically solvable. Even though some authors 4 have tried to respond to Obstfeld and Rogoff by providing examples in which gains could be significant from a theoretical point of view, a solid quantitative investigation of the question at hand is not available 5 . This paper tries to address the issue of international monetary coordination taking advantage of some very recent developments in the New Open Economy Macroeconomics literature. A two-country dynamic general equilibrium model with nominal price and wage rigidities and monopolistic competition is built. Because the model is constructed with microeconomic foundations, it provides the utility function as a natural criterion for evaluating the welfare implications of different policies. This is used to measure welfare under two scenarios. One is where each country tries to maximize its own 1 Richard Cooper [1968] ,pp.157-158. 2 The distinction between first and second generation models of international cooperation is due to Canzoneri, Cumby and Diba [2001] .
3 An early example where coperation might be even counterproductive has been provided by Rogoff [1985] .
4 See for example Benigno [2001a,b, 2002] , Clarida and Gali [2001] and Canzoneri, Cumby and Diba [2001] . 5 The only exception is Sutherland [2002] , but his model is still quite simple in that it assumes a static framework and only one source of nominal rigidity. He states that the construction of a true dynamic model "is likely to be a an interesting line of future research". 1 agents' welfare taking the actions of the other country as given. The other is where a coordinated policy maker tries to maximize the welfare of both countries together.
The method of welfare evaluation is better than that employed in past studies. The old literature, that is reviewed in some detail in the next section, had to rely on ad hoc loss functions rather than utility, because it was using models that were not built upon utility theoretic framework.
In addition, this work constitutes also an improvement upon the recent NOEM literature. While the latter has used the utility function, it has evaluated it using only a first-order approximation to the micro-founded model. This means that no consideration has been made about all the effects risk can have on the levels of consumption and leisure. These effects could be very important for welfare. Moreover, the usually employed linear approximation of the equations describing the equilibrium behavior of the model will represent a correct 6 ranking of alternative policy regimes only under some very restrictive assumptions 7 that are described by . These restrictions will not be met in any reasonably rich dynamic general equilibrium model. Ideally, one would like to use a full second-order solution of the dynamic system. To date, the literature has been unable to consider these issues, because there was no model solution method that could handle them. What the literature has done to avoid this problem is to evaluate a world welfare function, basically transforming the two-country world into a closed economy. The papers by Benigno and Benigno[2000 , 2001a , 2001b ] abound in such examples. The reason for doing so is that in a closed economy linearization techniques could be swallowed a bit easier although, again, some restrictive assumptions should be used. Of course, such an approach would prevent a serious consideration of any strategic issues, and, in particular, the investigation of the gains from international monetary cooperation. In other words, the Nash equilibrium just could not be found in a reasonably calibrated NOEM model. The recently developed accurate second-order solution method for dynamic stochastic systems by Sims [2000] 8 overcomes this problem by making it possible to construct and evaluate correctly a countryspecific welfare function.
6 Benigno and Benigno [2000] pp.39 argue that "The construction of an appropriate open-economy microfounded country-specific welfare criterion is still an open issue".
7 For a detailed discussion of these assumptions see Section 4. 8 Second-order techniques are also developed by Schmitt-Grohe and Uribe [2001] , and Sutherland [2001] .
It is true that technical difficulties are to a large extent responsible for developing open-economy models that are either simple enough to be solved exactly or relatively more complex to render linearization methods helpful. Nevertheless, I would like to lay a stress once again upon the fact that the theoretical second generation literature of monetary cooperation has recently begun to realize that the rich microfoundations of the NOEM models provide a fruitful soil for introducing inefficiencies that might generate non-trivial gains from cooperation. In the same time contributions from the closed-economy literature (see for example Goodfriend and King [2000] and ) that compellingly advance the case for price stability have strongly influenced the NOEM into working out models that advocate a zero inflation optimal policy in an open-economy framework. However, it is exactly the fact that the flexible-price allocation is in most cases the constrained Pareto-optimum in the cooperative solution that can also be arrived at from a decentralized point of view by simply eliminating price stickiness in individual countries 9 , that has unfortunately prevented second-generation models from building more general models in which cooperation might be a natural policy. Benigno and Benigno [2001a,b] and Pierpaolo Benigno [2001] are examples of theoretical contributions that recognize these issues.
The bottom line here is to realize that once we introduce some further frictions into the picture, the case for complete price or wage stability will generally no longer apply 10 . The optimal monetary policy for an individual country will require some degree of prices stickiness because with multiple inefficiencies monetary authorities will actually be able to improve upon the flexible-price allocation by playing one inefficiency against the other. In general, the Pareto optimum can not be achieved. Then, from an international point of view, coordination of monetary policies might prove beneficial.
In view of the above, the reason why the models by Obstfeld and Rogoff [2000, 2002] generate very trivial gains from monetary cooperation arises from the fact that they assume a simple model with a small number of market imperfections. In this case the policy makers can address the imperfections and maximize welfare without any need for coordination. In other words, monetary authorities are able to achieve the same allocation under the centralized and decentralized solutions.
An alternative way to explain the lack of coordination benefits and one that provides a very nice connection to the closed economy optimal monetary policy literature is to look at the so called "New Keynesian Phillips Curve". One common criticism of the latter is that, if imperfect competition and sticky prices are the only two inefficiencies, it does not imply any trade-off between inflation and the output gap. Then, a policy of price stability will not only negate the effect of sticky prices, but will also close the output gap. If this is the case, in an open-economy framework, coordination of monetary policies will not be an issue, since domestic monetary policy can achieve Pareto optimum on its own. This, however, will probably not be the case in a model with multiple inefficiencies since their presence will imply policy trade-offs that look different from the points of view of the individual countries and a benevolent central planner. In this case, it might be that foreign monetary authorities could help the domestic country achieve a higher welfare. Even though in a two-country world the "New Keynesian Phillips Curve" will always provide for a policy friction between inflation and the output gap because of the presence of the terms of trade, it turns out this effect does not matter with a Cobb-Douglas consumption index. To generate potential gains from coordination, in addition to the standard features of incorporating monopolistically competitive producers who set prices in a staggered fashion a la Calvo [1983] , I introduce new elements in the traditional NOEM model that could potentially give rise to gains from international monetary cooperation by creating policy trade-offs in the Nash equilibrium. First, I assume staggered nominal wage contracts set by monopolistically competitive households. In this I follow the closed-economy example by Erceg, Henderson and Levin [2000] . Second, it has been suggested by Canzoneri, Cumby and Diba [2001] that differential productivity disturbances in the traded and non-traded sectors can also bring about divergence in the Nash and cooperative equilibria. Third, in contrast to most contributions, I assume that imports do not enter the domestic consumption bundle directly, but rather participate as an input to the domestic production process. While McCallum and Nelson [2001] introduce this assumption into an open-economy framework with a different goal in mind, it is Clarida, Gali and Gertler [2001] who conjecture that this could potentially also lead to gains from cooperation. Fourth, I assume a combination of pro-ducer and local currency pricing in conjunction with the qualitative results of Corsetti and Pesenti [2001] who claim the presence of gains for intermediate levels of local currency pricing. Fifth, I check Obstfeld and Rogoff's result that introducing a more general specification for real money balances in the utility function does not change the general flavor of their conclusions. Lastly, I assume a non-unitary elasticity of substitution between home and foreign goods as in Benigno [2002] . However, it is worth noting that none of these assumptions has been shown quantitatively to generate gains from coordination in a realisticly calibrated dynamic NOEM model.
I begin with a model that is close to the one employed by Obstfeld and Rogoff [2000, 2002] in that it requires the presence of sticky prices and monopolistic competition in the production sector only. Of course, even in this case my model will be richer in that it also includes multy-period price stickiness. Then, I add the inefficiencies described in the previous section. This should allow us to determine which of them accounts for the biggest gain in cooperation. Moreover, each of the proposed experiments will be conducted for global and country-specific shocks. Obstfeld and Rogoff [2000, 2002] suggest that with global shocks there will not be any gains from cooperation. Also, robustness checks will be performed in order to evaluate the sensitivity of the results with respect to various calibrated parameter values. For example, in the Obstfeld and Rogoff's models there should be no gains from cooperation when the inter-temporal elasticity of substitution is unitary.
The main findings can be summarized as follows. First, a non-unitary intra-temporal elasticity of substitution gives rise to gains from coordination. Even though empirical studies estimate this elasticity to be different from one 11 , I find that it is not necessary for generating coordination benefits. In particular, in the presence of local currency pricing and wage rigidities the gains from coordination are non-trivial even with a unitary elasticity of substitution between home and foreign goods. However, assuming differential productivity shocks across sectors of production, non-logarithmic real money balances and imports used in the production process does not lead to cooperation gains with a Cobb-Douglas consumption index. In the same time, when the latter three factors are augmented with a CES consumption index, the gains are increased relative to the case with a Cobb-Douglas specification. For example, for a reasonable calibration of the parameters, the biggest gains realized are found to be around two percent of steady state consumption.
Another interesting result is that an assumption of global shocks does not lead to a coordination failure. As is emphasized in the original model of Obstfeld and Rogoff, in the presence of multiple inefficiencies, their basic result might not hold true even for global shocks. This outcome provides a bridge to older Keynesian models of coordination 12 which analyzed predominantly global shocks.
The paper has two main contributions. It is the first study that quantifies the gains from cooperation generated in a dynamic NOEM model with a complex structure. The results show that it is possible to construct a NOEM model where international coordination of monetary policies matters in a significant way. Even more importantly, it underscores the fact that generating gains from cooperation might actually be quite easy. This casts a serious doubt on the claim by Obstfeld and Rogoff that individual countries should pursue self-oriented monetary rules. The policy implications are very clear. The welfare losses associated with such behavior might be quite important for the countries not to consider the cooperation option. Notice that these conclusions come from a model with complete asset markets and this is exactly the framework that Obstfeld and Rogoff envision will render the gains from cooperation even smaller 13 . Second, the paper should be viewed as an attempt to refine the application of methodology in an open economy. While in a closed economy a linear-quadratic framework for the analysis of optimal monetary policy might be effective, its use in open economies is limited only to certain issues. In particular, it's application to the investigation of strategic issues is not helpful. A quadratic-quadratic approach, where the quadratic approximation of the utility function is evaluated by a quadratic approximation of the eqiulibrium conditions, renders the former exercise and, for that matter, any similar one that involves strategic interactions between countries, possible.
It is also important to point out that I do not discuss the possibility that 12 The principal conclusion of the Keynesion literature is that in general there will be gains from international monetary cooperation. While the details will depend on the nature of the shocks and the specific models employed, the rationale for coordination was unambiguously advanced (see for example Hamada [1974 Hamada [ ,1976 Hamada [ ,1979 , Johansen [1980] , Canzoneri and Gray [1985] , Oudiz and Sachs [1985, Buiter and Marston [1985] . The emirical support has, however, been much more modest (for a comprehensive survey see McKibbin [1997] ). 13 In their model, because of its simple structure, asset markets are redundant.
6 appropriately designed individual objective functions could potentially implement the coordination equilibrium in the Nash solution. A simple example is provided by Benigno and Benigno [2001b] . However, even in this case they show that the conditions under which this is possible are quite restrictive and the constructed objective functions might not coincide with the welfare of the countries. Moreover, in a richer framework this may not be possible at all. The paper is organized as follows. The next section introduces the model. Section 3 derives the welfare loss functions. Section 4 describes the game. Section 5 discusses the results. Section 6 concludes.
A general two-country model
There are two equally-sized countries in the world economy, Home and Foreign. There are complete asset markets. Home produces a continuum of differentiated traded and non-traded goods measured on the unit interval respectively by l ∈ [0, 1] l N ∈ [0, 1]. The final good is bundled together using the common assumption of an aggregator. The homogeneous imported good from abroad is index by l I ∈ [0, 1]. Monopolistically competitive importing firms buy raw imports from abroad and turn them into reprocessed imported goods. There is also a continuum of monopolistically competitive firms that produce the domestic differentiated goods. They use the reprocessed imported good and labor specific to the production of traded goods. The firms producing non-traded goods are also monopolistically competitive but use only labor specific to the production of non-traded goods. We also assume a continuum of monopolistically competitive households indexed on the unit interval by h ∈ [0, 1] that supply differentiated labor to the production sector.
Consumption and individual preferences
The representative consumer in the home country consumes traded and nontraded goods. The consumption index for the final consumption good is
where (1 − ξ) is the weight of non-traded goods in the final good. It is assumed that a fraction s of firms exhibit local currency pricing in that they 7 set the price of goods in the currency of the buyer. The remaining fraction (1 − s) exhibit producer currency pricing in that they set the price of the goods in their own currency. Preferences over home and foreign tradable goods are then given by a CES index
where µ > 1 is the elasticity of substitution between home and foreign goods, γ determines the steady state share of imported goods in total consumption, C H,t , C LCP F,t , C P CP F,t represent respectively consumption of domestic goods, foreign LCP and PCP goods. Price indexes are defined appropriately as the minimal nominal price to buy a unit of final or traded good
where P H,t is the price index of home goods, P F,t is the price index of foreign goods priced directly in the home currency and P * F,t is the price index of foreign goods priced in foreign currency. Static optimization implies the following demand functions
Analogous equations exist for the foreign country as well with the same elasticity of substitution µ. The representative household h in the home country maximizes the following utility function
8 where E t denoted the conditional expectations operator, β is the intertemporal discount factor that satisfies 0 < β < 1 and ψ H and ψ N are the elasticities of labor supply for traded and non-traded labor. Although the utility function is inter-and intratemporally separable, it is fairly general 14 . The budget constraint of the consumer is relatively standard and is given by
We denote by n t = (n 0, ..., n t ) the history of events up through and including period. In period t, consumers in either country purchase state-contingent assets in the home currency, denoted by B t+1 = B(n t+1 ) , which bear a return of exactly one unit of the home currency in period t + 1 if state n t+1 occurs. Consumers purchase these assets at the prices V (n t+1 |n t ) , which denotes the price of one unit of local currency at n t+1 in units of home currency at state n t . Households share the revenues from the firms in the traded, non-traded and importing sectors in equal proportion. Therefore, Π t (h) is defined as
The government balances its budget constraint each period and pays to each household a lump-sum transfer T t (h). The household maximizes (1) with respect to consumption, real money balances, labor specific to the production of traded and non-traded goods, subject to (2) and its labor demand function which will be derived shortly. The first-order conditions are relatively well known and are not given for the sake of brevity.
14 Fuhrer [1997] argues that pure rational expectations forward-looking models with explicit microoptimization provide a bad match to real data. Of course, such models are not subject to the Lucas Critique. A possible solution is to incorporate ad-hoc backwardlooking terms in the model which on its turn is quite unsatisfactory from a modelling point of view. Fuhrer [2000] offers another alternative which reconciles both modelling elegance and empirical match-he introduces time-nonseparabilty in the consumption component of the utility function. Bergin and Tchakarov [2002] consider such an extension in a two-country model.
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2.2 Firms and price setting 2.2.1 Domestic firms producing traded goods Domestic monopolistically competitive firms that are indexed on the unit interval produce differentiated traded goods which are bundled into a homogeneous home good by a constant returns to scale aggregator of the DixitStiglitz [1977] form
where φ > 1 . The aggregator's demand for each good Y H,t (l) is given by
where Y H,t and Y * H,t denote the home and foreign demand for the domestically produced good. The differentiated good Y t (l) is produced by hiring labor specific to the production of the traded good and buying processed imported good
. Note that the productivity shock A H,t is the same for all domestic firms producing the traded good but, as will be seen shortly, is specific to the traded goods sector. As suggested earlier, according to Canzoneri, Cumby and Diba [2001] , this is one possible channel for generating gains from cooperation. Another one is the assumption that imported goods are necessary for the production of domestic goods 15 . In Clarida, Gali and Gertler [2002] the gains from international monetary cooperation come about because marginal cost depends on foreign economic activity 16 . Here marginal cost, which is defined as the minimal price for buying one unit of Y t (l), will be affected by foreign activity through the presence of imported goods
15 McCallum and Nelson [2001] argue that the inclusion of imported goods directly in the production process is important as this improves the dynamic properties of the model. This assumption is also used by Smets and Wouters [2001] in a small open economy model. 16 In particular, in the presence of "cost-push" shocks, if the intertemporal elasticity of substitution is different from 1, marginal cost depends on foreign output.
Firms set prices in a staggered fashion a la Calvo [1983] . In that a mass of (1 − κ H ) of firms are allowed to change their prices. The rest of the firms of mass κ H that do not change their prices enter the next period with the same price, i.e. P H,t (κ H , l) = P H,t+1 (κ H , l) and P *
17 . Also κ H is time independent in that no matter how long a firm does not change its price it sill faces the same probability of doing so in each consecutive time period. The profit maximization problem for the firms that can reoptimize at time t is
where
18 and µ t,t+k is the pricing kernel that is assumed to equal the household's inter-temporal marginal rate of substitution in consumption. Notice that the producer currency pricing firms find the optimal price P new H,t for domestic consumers and charge foreign consumers e t P new H,t . Local currency pricing firms choose simultaneously P new H,t and P * new H,t . The first-order conditions yield
H,t+k e t+k As is usual with Calvo pricing, the optimal price is set so that discounted real marginal revenue is equal to discounted real marginal cost, all in expected value terms. The price indices for home traded goods can be written as
The same assumption is adopted by Woodford [1996] , Dotsey, King and Wolman [1999] and Benigno and Benigno[2001b] and Benigno [2001] among others. An alternative is to assume that prices are augmented by the unconditional gross rate of inflation as in Erceg at.al [2000] . Another approach is undertaken by Christiano, Eichenbaum and Evans [2001] who augment the prices by time-dependent inflation.
18 Note that, as is discussed in Yun [1996] , P new H,t is not indexed and will be the same across firms as they face the same demand functions and marginal costs.
These can be rearranged to give the state equation for the domestic traded goods price index
Domestic firms producing non-traded goods
The price decision of domestic firms in the non-traded goods sector is similar to the one of the firms producing traded goods. The output aggregator is given by
where φ > 1 . The aggregator's demand for each good Y N,t (l N ) is given by
The differentiated good Y N,t (l N ) is produced by a linear technology with a productivity parameter and labor specific to the production of the non-traded goods
Flexible prices are assumed. The price chosen by those firms is then
where marginal cost is given by
and .
Firms importing foreign goods
Firms importing a homogeneous foreign good turn out differentiated import goods that are used both for consumption and production. The output aggregator is given by
For simplicity, we assume the same elasticity of substitution as in the traded and non-traded goods sectors. The overall demand for a processed imported good is given by
and the optimal flexible price is
Note that marginal cost is simply given by MC F,t = (1 − s)e t P * F,t + sP F,t . Also, we assume that importing goods are owned by domestic agents and therefore the pricing kernel is identical to the one used in the traded and non-traded goods sectors
19 . This concludes our discussion of the pricing decision undertaken in the home economy. Of course, similar equations exist for the foreign economy. It is clear that the structure in the production sectors is very rich. Analytical solutions are impossible in such a complex but arguably more realistic environment.
Households and wage setting
Following the work of Erceg et.al. [2000] , I assume that households act as monopolistic competitors in that each one of them supplies differentiated labor service to the production sector. Households are indexed on the unit interval. The labor used by firms in the traded and non-traded goods sectors is defined as a CES labor aggregator
where λ > 1 is the elasticity of substitution between labor inputs. The price indexes defined as the minimal nominal cost of producing one unit of the respective labor aggregate, taking wage rate as given, are
The total demands for the labor services of household h are
Households set wages in staggered contracts in a similar fashion as in the production sector. A fraction (1−χ H ) of the agents that supply labor services in the traded goods sector may renegotiate their wages each period. Then, household chooses a wage rate W new H,t (h) by maximizing (1) subject to the budget constraint (2) and taking as given the demand schedule for labor. The optimal wage is
Again, as long as the household does not change the price of its wage contract, it enters the next period with the same wage. The new wage is set so that the discounted marginal utility of income is equalized to the discounted marginal disutility of working, both in expected value terms. Accordingly, the implied state equations for the aggregate wage rate
The wage rate in the non-traded is assumed to be flexible
In the non-traded goods sector we get the familiar condition that the real wage is just a mark-up over the marginal rate of substitution of consumption for leisure. The assumption of sticky wages along with sticky prices is important since it incorporates a policy trade-off in the traditional open-economy Phillips curve. With µ = 1, without a trade-off between inflation and output a policy that completely stabilizes the price level will automatically stabilize the output gap as well. This additional nominal rigidity may account for gains from international monetary cooperation as suggested by Benigno and Benigno [2001b] and Clarida et.al [2002] . The former show that time-varying degrees of monopolistic distortions may also account for cost-push shocks. The latter achieve the same results by bringing in exogenous variation in the market power they endow the households with. In any case neither of them presents quantitative estimations of the gains from cooperation.
Market clearing conditions
In the home and foreign countries market clearing implies
where the starred variables denote foreign variables.
The solution method
The model is solved by the second-order accurate solution by Sims [2000] .
Here we present the basic relationships (for a detailed discussion see Sims).If we denote by η the vector of all endogenous and exogenous variables, then the solution algorithm requires that the system is written in the following way
where ε t is the vector of shocks to the system and % t is a function of the shocks when the model is solved. The only equations that have to be manipulated in order to satisfy the above timing (t − 1, t) requirement are the price and wage equations 20 We expand the model to a second-order around a steady state given by Ψ(η, η, 0).
The solution, then, can be written as
where y t and x t can be interpreted in the usual sense as the predetermined and forward-looking variables, respectively, and [y
The secondorder expansion of the solution is
where the matrices Z, F and M are functions of the model parameters. Note as well that, in accordance with Sims [2000] , we are using tensor notation, i.e. it is true that
We use (9) to compute the following unconditional first and second moments of the system
In this computation we disregard those terms that are higher than second order.
Monetary policy
The model is closed by choosing money supply rules for the home and foreign country. They are given by
20 Appendix D shows how this can be done.
Monetary authorities respond actively to productivity disturbances to traded and non-traded goods production home and abroad. Note that policy rules of this kind will not represent a fully optimal monetary policy. In principle, the first-best optimal monetary policy will respond to all lagged and current state variables 21 . For our purposes, however, specifying monetary policy as in (11) and (12) is enough. Also, it is often argued that simple rules that are easily understood by the general public are highly desirable. I assume that monetary authorities can commit to those rules.
The loss function
The loss function is derived using a second-order Taylor approximation to the utility function of the representative consumer and the techniques described by . In that we assume that the monetary authorities maximize the unconditional expectations of the average of per period household utility functions, W t . As is customary we abstract from real monetary balances although we can easily incorporate them. Note that consumption will be the same across households within the separate country because of our assumption of complete asset markets in both countries.
Appendix A derives the following second-order approximation
where W contains the constant terms from the approximation and
(Appendix B derives expressions for these two terms that are independent of h) denote the cross-sectional dispersion of labor effort among the households . When we pass the unconditional expectations operator through the terms on the right hand-side we could obtain an evaluation of the individual country loss function. While values for the second moments of the variables can be easily arrived at from a linear approximation to the system of equations, calculating the expected values of b C t , b L H,t and b L N,t is problematic. In our model the equilibrium will be affected by the variances of productivity shocks and, therefore, in general b C t , b L H,t and b L N,t will depend on the second moments of all other variables. This an idea that was first demonstrated by Obstfeld and Rogoff [1998] .
In a closed economy overcomes this issue by introducing a subsidy to production activity so that the monopolistic distortions are eliminated. While this might seem somewhat artificial, it has a deep mathematical justification. In general the fact that the analysis can be cast in a linear-quadratic framework seems quite appealing 22 .A log-linear approximation will be enough to deliver a correct computation of the quadratic loss function only if two conditions are met. First, the expansion should be around a steady state that is only negligibly different from the optimal one. But this is not enough. Not only do we have to expand about a nearly optimal steady state, but we also have to consider policies that deliver it. Thus, if we are primarily interested in optimal monetary policy, the second condition might be satisfied. But ensuring a first-best steady state requires a subsidy that completely removes the monopolistic distortion.
In an open-economy framework, satisfying these two conditions is a daunting task. Benigno and Benigno [2001a] demonstrate that monopolistic distortions should now be set at a positive value since the deflationary bias associated with the terms of trade coexists with the inflationary bias associated with the presence of monopolistic distortions. Even this is done in a framework that is very restrictive in that it assumes either that the elasticity of substitution between home and foreign goods is unitary or that latter elasticity is equal to the reciprocal of the inter-temporal elasticity of substitution. Therefore, doing away with the first-order terms in the loss function presents a significant challenge.
A second-order approximation of the equilibrium structural conditions in the sense of Sims [2000] saves the trouble of having to come up with ingenious methods for eliminating the first-order terms in the welfare function. In this way, the expansion of the utility function can be done about a steady state that does not necessarily have to be arbitrarily close to the first-best.
Moreover, there is a much deeper reason for not wanting to take away the monopolistic distortion. It is true that there is a case for pursuing optimal policy both from a monetary and fiscal point of view, that is, a monetary policy that tries to stabilize inflation and a fiscal policy that takes care of the monopolistic distortion. However, if we introduce a subsidy in order to get rid of it, we, effectively, kill off the link between monopolistic competition and sticky prices. But in the same time it is well known that the assumption of monopolistic power rationalizes the assumption of sticky prices. And only when we have sticky prices, can we find a room for monetary policy. Thus, if we eliminate the monopolistic distortion, then the active search of an appropriate monetary policy to eliminate the distortion associated with sticky prices becomes to a large extent meaningless. This argument resembles very much the one made by Obstfeld and Rogoff [1995] , where they claim that the "marriage" of complete asset markets with rigid prices is unappealing, since, with complete asset markets it must be possible to devise contracts in such a way that the presence of sticky prices is completely internalized, i.e. contracts are indexed to any possible change in monetary policy. In any case, with multiple rigidities, even in a closed economy, the complete elimination of the monopolistic distortion would not guarantee that Woodford's conditions are met.
Even though for our purposes the write-up of loss function in (6) is enough, it is customary in the literature that uses Woodford's approach to further rearrange the welfare measure. We follow suit and derive the following unconditional expectation of the welfare measure (see Appendix C for derivation and definition of the coefficients)
Equation (7) of technology shocks, and the variance of consumption (provided ρ > 1). Also, it depends on the first moments of consumption, and the technology shocks. As we mentioned above the terms that are on the first row are usually eliminated by a production subsidy.
Optimal cooperative and Nash monetary policy
The definition of optimal monetary policy is very straightforward. In the cooperative case monetary authorities choose the parameters
in the money supply rules (11) and (12) to maximize the joint welfare function
In the Nash case each policy maker chooses the parameters in its money rule to maximize its respective loss function taking the maximization problem of its counterpart abroad as given. The algorithm for solving this problem is also simple. For example, in the cooperative case, beginning with initial values for θ 1 − θ 4 , θ * 1 − θ * 4 , the model is solved and the first and second unconditional moments of the vector η t are computed using (9) and (10). Then an initial evaluation of the of the joint welfare function (16) is performed. A numerical search algorithm, then, is employed in order to find those parameters θ 1 − θ 4 , θ * 1 −θ * 4 that maximize the joint welfare function. The solution in the Nash case is more complex and numerically intensive. For a given set of parameters in the foreign country θ * 1 − θ * 4 , the home country chooses θ 1 − θ 4 such that they maximize E(W t −W).Given these optimized values, the foreign country chooses θ * 1 −θ * 4 such that E(W * t −W * ) is optimized. The process is performed until the parameters in the home and foreign countries converge.
Results
The first three rows in all the tables report the gains from coordination as percentage points of steady state consumption. The first row shows the gains from pursuing active Nash monetary policy relative to one in which monetary
H ) up to a second-order approximation. We prefer to keep, however, E(π 2 H ) and the other similar terms intact.
authorities choose a constant money supply rule, i.e. the response coefficients in the money supply rules are set to zero. The second row presents the welfare benefits from pursuing active coordinated policy relative to inactive monetary policy, and the third row shows the difference between the coordinated and Nash optimal policies. Row four is analogous to the one reported by Obstfeld and Rogoff [2000, 2002] and is just the ratio of rows three and one. It depicts the importance of coordination relative to stabilization gains. The last row is comparable to the one used in Sutherland [2002] and shows the gains from coordination relative to the overall gains from active monetary policy.
Calibration
I assume that the relative weight of traded goods is ξ = 0.5, the degree of monopolistic competition in the goods and wage sectors is λ = φ = 7.66 (See Rotemberg and Woodford [1998] ), the inverse of the elasticity of labor supply is ψ = 1 ( See Christiano et.al.[1997] .) and β = 0.99. There is a wide range of estimates for the interest elasticity of real money balances (1/²): from 0.39 in Chari et al.(1998) to 0.05 in Mankiw and Summers (1986) . Even though results are reported for different values of ² I call a reasonable calibration the one that chooses an intermediate value of 0.25 (² = 4). Empirical studies estimate the income elasticity of real money demand (ρ/²) to be about unity, so in all experiments I set ρ = ε. Therefore, a reasonable calibration sets ρ = 4. This happens to be in the range of the estimates for the coefficient of relative risk aversion provided by Hall (1988) (as low as 1 and as high as 33) and also by Gali, Gertler and Lopez-Salido (2002) who suggest a value between 3 and 10.
The elasticity of substitution between home and foreign goods µ is a critical parameter in the experiments. According to some recent studies, such as Harrigan (1993) and Trefler and Lai (1999), a sensible assumption for this parameter is 6. Results are shown for a range of values between 1 and 10. The parameters χ H and κ H measure the degree of price stickiness. For the reasonable calibration experiment I choose χ H = κ H = 0.75 implying that prices are sticky for four periods. I follow the literature in assuming that the steady state value of imported goods in the traded goods consumption index is 0.5. I do sensitivity analysis here as well for more reasonable values.
The calibration of the technology shocks is standard: the standard deviation is 0.01 and the persistence is 0.95. These are values similar to those used in real business cycles studies such as Hansen [1985] .
The basic case
The basic case has only the two inefficiencies that are usually assumed in the literature-imperfect competition and sticky prices. This case is similar to the one employed in Obstfeld and Rogoff [2000, 2002] , but for the absence of traded goods. Table 1 reports the gains from cooperation for different values of the intra-temporal elasticity of substitution µ and for logarithmic consumption, and real money balances. When µ = 1 there are no gains exactly as in the case of Obstfeld and Rogoff [2000, 2002] . Domestic Nash monetary policy can achieve its objectives without the help of foreign authorities 24 . Increasing µ generates gains from coordination in accordance with the intuition and results of Benigno [2002] and Sutherland [2002] . For a reasonable calibration of the elasticity (setting it equal to 6), the gains can be as high as 0.26 % of steady state consumption. The gain is significant not only as an absolute, but also as a relative magnitude. It represents about 15.5 % of the overall gain. Note as well that R=0.18 which is comparable to the biggest value reported by Obstfeld and Rogoff [2002] for ρ = 8. It is also interesting to observe that for higher values of µ the Nash solution can be welfare inferior relative to the inactive monetary policy. Table 2 checks the robustness of the result for different values of the coefficient of relative risk aversion ρ and the inverse of the interest elasticity of real money balances ε. In this experiment µ is one. Canzoneri et. al. [2001] argue that if ε > 1, there will be more channels for international interdependence coming through the dependence of the exchange rate on the domestic and foreign price levels (with ε = 1, the exchange rate will depend only on foreign and domestic money supplies). There are only negligible gains from coordination for higher values of ρ and ε. This, however, confirms the contention of Obstfeld and Rogoff [2000] that their basic results would go through for cases where real balances enter the utility function in a nonlogarithmic way. Table 3 presents results for more reasonable combinations of the parameters. When the intra-temporal elasticity is equal to 6, the gains from coordination increase with the increase of the inter-temporal elasticity. For example, for ρ = 4 the gains are about 0.46 % of steady state consumption and account for almost the whole possible gain from pursuing active monetary policy, i.e. about 92 %. Table 4 provides impulse response function analysis for the latter case with a productivity shock in the home country. Consumption in the coordinated case increases more than consumption in the Nash case. This is consistent with the fact that following a positive shock to productivity, households would like to work more to take advantage of their increased productive abilities. This also leads to higher production and welfare in the coordinated case and is seen from the impulse response functions. It is obvious that the Nash game does not provide enough incentives to individual households to raise their labor effort.
The wage case
Relative to the basic case we introduce sticky wages along with sticky prices in the manner described in the presentation of the general model. The incorporation of another inefficiency creates additional friction in the conduct of domestic monetary policy even with unitary elasticity of substitution between home and foreign goods. It is evident that Pareto optimality can not be arrived at even if monetary authorities choose to pursue a policy of constant prices, because this will not simultaneously close the output gap. Optimal monetary policy will choose some degree of price stickiness. Table 5 illustrates this point. With µ = 1 and prices sticky for four periods there are no gains from cooperation if wages are flexible. However, if wages are sticky as well, there are non-trivial gains. For example, if wages are rigid for four periods, the benefits are 0.35 % of steady state consumption and represent as well about half of the overall gain from pursuing active stabilization policy. When the inefficiency persists, i.e. wages become stickier, welfare gains also increase. Again, it is even possible that inactive monetary policy delivers higher welfare results than the Nash policy. It is conceivable that in such cases the frictions in the Nash game become so severe that countries are actually better-off when they do not respond to productivity disturbances. When we assume a CES consumption index with µ = 6, and prices and wages inflexible for four periods, the gains from coordination are raised substantially to about 1.23 percent of steady state consumption and also account for 235 % of the overall gain from following active monetary policy.
It is worth pointing out that in the wage case we play 3 inefficiencies one against another. Here monetary authorities face a very complex task. For a given µ > 1 they have to find the optimal level of both price and wage stickiness that delivers the least welfare loss. Also, the Wage case demonstrates that the assumption of Cobb-Douglas consumption index, which is very tractable to work with both theoretically and empirically, is not inconsistent with the presence of sizable gains from cooperation. Canzoneri et.al.[2001] provide a nice overview of what they call the "Workhorse model" for the study of macroeconomic interdependence. They recognize the fact "there must be a policy trade-off (or a friction) in the Nash solution if there is going to be a role for policy coordination". In a very simple static framework they show that the usual assumptions of unitary elasticity of substitution, balanced current account and a log specification for the utility of money give rise to a coordination failure. They conjecture that the incorporation of differential productivity shocks across traded and non-traded goods sectors will imply different trade-offs from an Nash and coordination point of view. In particular, they propose three scenarios. First, they assume that the shocks to the traded goods sectors are much more important that those to the non-traded goods sector and calculate R=1/15. The second case reverses the importance of the shocks relative to the previous case and compute that R=1/3. In the last scenario they assume that the shocks to the export sector are much more important than the ones to the domestic and non-traded goods sector. Here they find that R=∞.
The non-traded goods case
I consider only cases 1 and 2 from their analysis. Table 6 presents the results for the non-traded goods case. I assume originally that the standard deviations of the shocks to the traded and non-traded goods sectors are respectively 0.01, and 0. In other words this is scenario 1 in Canzoneri et.al. [2001] . I find that there are small welfare gains of about 0.02 percent of steady state consumption and the ratio R=0.0586 which is 3.5 times smaller than the one reported by Canzoneri et.al.[2001] . The most interesting result, however, emerges from column 5 which reports the outcome of scenario 2. The shocks to the non-traded goods sector are much more important that those to the traded goods sector in that the standard deviations to the former are 0.01, whereas the standard deviations to the latter are 0. In this case there are no gains whatsoever. In fact, the presence of non-traded shocks alone does not add additional frictions in the model for the "Workhorse" calibration of the model. This contrasts with the conclusion of Canzoneri et.al. [2001] and suggests that simple static models might not be very well equipped to capture significant dynamic features of the economy. Even though I do not consider their final scenario, in view of the above results, I would conjecture that it would also fail to deliver non-trivial results
In the same time, for reasonable calibration of the coefficient of risk aversion, the inverse of the interest elasticity of money demand and the elasticity of substitution between home and foreign goods, it seems that the addition of non-traded goods shocks is important. For example, if ρ = ε = 4 and µ = 6, the last column of Table 6 suggests that when shocks to non-traded goods are more important, the gains from cooperation could be as high as 1.11 % of steady state consumption and also represent 206 % of the overall welfare gain. Once again, it should be clear that it is not the presence of nontraded goods sector shocks that generates this result. Only when we have a non-unitary intra-temporal elasticity, can the introduction of non-traded goods be essential for magnifying the gains from coordination. An empirical paper by Canzoneri, Cumby and Diba [1999] finds some evidence that it is really the case that the stochastic properties of the shocks to the traded and non-traded goods sectors are different.
The Import case
Clarida et. al. [2002] develop a two-country model and consider qualitatively the gains from international cooperation in monetary policy in the presence of cost-push shocks. In particular, in the presence of exogenous variation in the wage mark-up, they show that when the coefficient of risk aversion is different from one, there are welfare benefits from cooperation. It is useful to recognize that the cost-push shock generated by the exogenous variation in the wage mark-up is closely connected to the endogenously produced markup due to wage rigidity in Erceg at. al. [2000] . In both cases they achieve the same goal-they create a policy trade-off between inflation and output gap in the Phillips Curve.
In Clarida et. al. [2002] any value of ρ > 1 leads to gains from cooperation. It is also the case that foreign output enters the marginal cost of the domestic country raised to power (1 − ρ), so that for a log specification of consumption in the utility function the gains disappear. This is the primary reason why Clarida et. al. [2002] consider the direct introduction of imported goods in the domestic production process a "particularly interesting" avenue for future research. I consider this possibility in the import case, which augments the basic case by assuming that a portion of the imported goods participate as an input in production. It is worth noting that it is McCallum and Nelson [2001] that introduce such an assumption in the NOEM literature for the first time. They claim that such a specification produces better dynamic performance of their model. In particular, this leads to an improved dynamic relationship between nominal exchange rate and inflation and also is more successful at generating inflation persistence. In the current model α denotes the steady state share of imported goods in production.
There is some empirical support for such an assumption. McCallum and Nelson [2001] argue that "productive inputs actually comprise a larger fraction of U.S. imports than do consumer goods". Smets and Wouters [2001] estimate an open-economy model calibrated to the euro area and find that the model has the best fit for γ = 0 (recall that γ represents the steady state value of imported goods in steady state consumption). Table 7 reports the results in the import case. As was argued above the there are no gains from with µ = 1. This is shown in column 1. The next column assumes that µ = 6, α = 0.2 and γ = 0.5. The welfare gains are quite big, they reach 2.41 % of steady state consumption and constitute about 81% of the overall gain from active monetary policy. Sensitivity analysis is provided for more reasonable values of α and γ. It is obvious that for a given α(γ) the gains decrease with the decrease of γ(α). It seems, however, that the importance of imported goods in the production process is bigger than that of imported goods in the consumption index. For example, for an empirically relevant value of steady state imported goods in domestic consumption of 0.2 and a steady state share of imported goods in production of 0.3, that gains are 2.18 % of steady state consumption and they represent close to half of the overall welfare benefits.
Once again, it should be kept in mind, as in the non-traded goods case, that the mere introduction of productive imported inputs in production is not an independent source of gains from cooperation. With more reasonable values of the intra-temporal elasticity, however, the presence of imported goods as productive inputs can be significant.
The local currency pricing case
Much recent work in open-economy macroeconomics has explored price stickiness in the local currency of the buyer (LCP) rather than the domestic currency of the producer (PCP) as assumed in rest of the exercises. As far as the issue of international coordination of monetary policy is concerned, Corsetti and Pesenti [2001] demonstrated that in the presence of some degree of LCP there will be gains from coordination even with a Cobb-Douglas specification of the consumption index. The authors show that for intermediate degrees of exchange rate pass-through closing the output gap completely will not be optimal and, therefore, in general, welfare benefits will be realized from a coordination point of view. They argue that " whether these gains are sizable...remains an open issue left to further research".
I explore these issues in Table 8 for different degrees of LCP (recall that s denotes the fraction of firms that set their prices in the currency of the foreign consumer). When µ = 1, there are no gains from cooperation. This is in fact the familiar result of PCP. Increasing the degree of pass-through does lead to welfare benefits. For example, when s = 0.4 the gains are 0.11 % of steady state consumption and also 16.7 % of the overall gain. Raising further s reduces the gains and with full LCP the gains are identical to those with PCP. The last column in the table reports the gains for a CES consumption index with µ = 6.
The gains from coordination with global shocks
The last table shows results for global productivity shocks in the different cases considered above. The global shocks are introduced by assuming that the home and foreign productivity disturbances are perfectly correlated. In the basic case where only prices are rigid there are no gains in conjunction with the results by Obstfeld and Rogoff [2000, 2002] . In the wage case there are small gains from coordination amounting to about 0.04 % of steady state consumption. Notice, however, that the benefits are significant as a relative magnitude as is demonstrated by the two ratios R and V. The LCP case is the one with s = 0.4. The gains are important as they reach 0.10 % of steady state consumption and are also close to 10 % of the overall welfare gain. There are gains in the import case as well. However, as it was discussed above if µ = 1, the gains will no longer be present. The biggest gains are present in the the non-traded goods case. Here I assume that the shocks to traded and non-traded goods sectors are perfectly correlated across countries, but not across sectors. The gains can be very high reaching almost 0.55 % of steady state consumption and 587 % of the overall gain. If the shocks were perfectly correlated across sectors as well, there would be no gains from coordination.
In general, the presence of world shocks is not sufficient for the lack of coordination gains. This finding is also consistent with the claim of Obstfeld and Rogoff [2002] from the beginning of the paper that in a more complex model their basic result might not hold even with global shocks.
Conclusion
This paper examines quantitatively the gains from international coordination in monetary policy in a dynamic NOEM model. The most important result and contribution is the development of a NOEM model where cooperation is significant from a welfare point of view. The result, however, is much stronger. Not only is it shown that it is possible to construct a framework where the welfare losses from pursuing "self-oriented monetary policy rules" are big, but it is also demonstrated that it is quite easy to do so.
Gains from cooperation can straightforwardly arise when the standard "Workhorse model" is augmented with different realistic features. While assuming a more empirically relevant calibration of the intra-temporal elasticity of substitution is one already recognized avenue for generating welfare benefits, it is not a necessary condition in itself. The incorporation of rigidity in real wages or LCP can give rise to gains even with a Cobb-Douglas consumption index. In the presence of trade-offs in the Phillips curves, gains from coordination can be magnified if the model incorporates differential productivity shocks across sectors or imported goods as inputs in the production process.
Another result is that for reasonable calibration of the basic parameters gains can emerge even for global shocks. This provides a connection with the earlier Keynesian literature which was primarily occupied with world shocks.
A second contribution is the extension of the Woodford methodology in an open-economy framework. While analyzing optimal monetary policy in a linear-quadratic framework has been useful in a closed-economy setting, its application in open-economy models has been more problematic. The Sims [2000] solution method casts the analysis of optimal monetary policy in a quadratic-quadratic framework and allows a much richer environment.
This makes it possible to analyze important strategic issues in open-economy models, something that was not possible in past literature unless the model investigated was simple enough to be solved exactly.
This work suggests that individual countries should not care only about domestic stabilization policy. It is in fact desirable that the foreign stabilization problem is taken into account when formulating domestic monetary policies. Not doing so might imply significant welfare losses. The model can be extended in a variety of ways. Adding investment and relaxing the assumption of complete asset markets will definitely add more realism to the model environment. With only technology shocks the model will not be able to match well the volatility of nominal variables and, in particular, the volatility of the nominal exchange rate. This, however, could be important for optimal monetary policy. The introduction of money demand shocks can correct for that.
Appendix A
We begin with the consumption part of the utility function. A second-order Taylor expansion yields
where a hat denoted log deviation from the steady state and O(||ξ|| 3 ) collects all terms that are higher than second order. Expanding further C t /C= 1+ b
and substituting into (A.1) gives
Now we proceed with a second-order approximation of the labor services supplies to the traded sector
Note that from here onwards we drop the constant terms. They are all summarized
H,t and substituting in (A.3) 29 delivers the following result
(A.4)
Integrating the last expression over h gives
Employing a second-order Taylor approximation of the aggregator for labor used in the production of traded goods (3)
, and substituting in (A.5), we obtain
Once again making use of (A.6) and abstracting from terms that are higher that second-order simplifies (A.7)
We obtain a similar expression about labor used in the non-traded sector
The combination of (A.2), (A.8) and (A.9) gives equation (5) in the text.
Appendix B
From equation (4) in the main text we obtain
Taking variances of both sides yields 
A second-order approximation of (log 
Now taking unconditional expectations of (B.4) and substituting the result in
(B.5)
Similarly, we have
Since the prices and wages in the non-traded and import sector are flexible, we
Appendix C A second-order Taylor approximation to the aggregate demand for non-traded
But from the production technology we have b
. Substituting the last two expressions in
A second-order Taylor approximation to the aggregate supply for non-traded labor is similar to (A.6)
Therefore, using (C.2) we get
(C.4) Substitute (C.4) into (A.5), omitting the terms that are constant and those higher that second order ,and using the definition of
Taking unconditional expectation of (C.5) and making use of (B.5) and (B.6) yields
The same sequence of equations can be used to derive the unconditional expectation of disutility of working in the traded goods sector. The demand side gives us the following
Note that here we have disregarded the term cov
(C.8)
Using (C.9) we get an analogous expression to (C.5)
Taking unconditional expectations of (C.10) together with (B.5) and (B.6) gives
Appendix D
In this appendix I show how to cast the Calvo pricing equations in timing (t − 1, t). Take for example the optimal price equation for domestic final-good producers which I reproduce here for convenience
Let us introduce two new state variables F t and G t that are defined as
Updating (D.2) and (D.3) by one period and taking expectations at time t allows us to define the following recursive relationships
finally be written as 1 The numbers in the first row represent the welfare gain from pursuing non-coordinated (Nash) but active policy relative to one in which monetary authorities are inactive in that they are just following a constant money growth rule. The gains are computed as % of steady state consumption.
2 The numbers in the second row represent the welfare gain from pursuing coordinated monetary policy relative to one in which monetary authorities are inactive in that they are just following a constant money growth rule. The gains are computed as % of steady state consumption. 3 The numbers in the third row represent the welfare gain from pursuing coordinated monetary policy relative to one in which monetary authorities playing the Nash game. The gains are computed as % of steady state consumption. 4 The ratios R and V show in two different ways the importance of pursuing a coordinated policy relative to a Nash policy. 
